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Objectives: To understand papillary muscle malformations, such as in
parachute mitral valves or parachute-like asymmetric mitral valves, we
studied the development of papillary muscles. Methods: Normal human
hearts at between 5 and 19 weeks of development were studied with
immunohistochemistry, three-dimensional reconstructions, and gross in-
spection. Scanning electron microscopy was used to study human and rat
hearts. Results: In embryonic hearts a prominent horseshoe-shaped myo-
cardial ridge runs from the anterior wall through the apex to the posterior
wall of the left ventricle. In the atrioventricular region this ridge is
continuous with atrial myocardium and covered with cushion tissue. The
anterior and posterior parts of the trabecular ridge enlarge and loosen
their connections with the atrial myocardium. Their lateral sides gradually
delaminate from the left ventricular wall, and the continuity between the
two parts is incorporated in the apical trabecular network. In this way the
anterior and posterior parts of the ridge transform into the anterolateral
and the posteromedial papillary muscles, respectively. Simultaneously, the
cushions remodel into valve leaflets and chordae. Only the chordal part of
the cushions remains attached to the developing papillary muscles. Con-
clusions: Disturbed delamination of the anterior or posterior part of the
trabecular ridge from the ventricular wall, combined with underdevelop-
ment of chordae, seems to be the cause of asymmetric mitral valves.
Parachute valves, however, develop when the connection between the
posterior and anterior part of the ridge condenses to form one single
papillary muscle. Thus parachute valves and parachute-like asymmetric
mitral valves originate in different ways. (J Thorac Cardiovasc Surg 1998;
116:36-46)
A recent investigation of the anatomy of parachutevalves and parachute-like asymmetric mitral
valves1 motivated the study of mitral valve papillary
muscle development. Both these mitral valve anom-
alies have unifocalization of chordae, but there are
substantial differences in abnormal anatomy of the
papillary muscles.
In parachute mitral valves, there is one single
papillary muscle to which all chordae are attached.2
In parachute-like asymmetric mitral valves, how-
ever, two papillary muscles can be recognized, one
of which has abnormal morphologic characteristics.1
We have found a morphologic spectrum of the
abnormal papillary muscle in asymmetric mitral
valves. In the most severe cases, (grade III), the
abnormally long papillary muscle is attached over its
entire length to the ventricular wall, with its tip
located close to the atrioventricular anulus. The
valve leaflets are directly attached to this papillary
muscle because chordae are not present. In grade II
asymmetry, a few short chordae are attached to an
abnormal long papillary muscle. In grade I asymme-
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try, the abnormally long papillary muscle is also
characteristic but chordal morphologic characteris-
tics are close to normal.
Reports on papillary muscle formation3, 4 are
scarce and not detailed enough to explain the de-
velopment of these two different papillary muscle
malformations. Nor do they explain such other
deviations as malattachment of papillary muscles or
papillary muscles reaching to the atrioventricular
anulus. To get more insight into the normal papil-
lary muscle development and related congenital
malformations of the mitral valve, we studied pap-
illary muscle formation in the left ventricles of
human hearts in embryonic and fetal stages, and
papillary muscle morphology in neonatal and adult
hearts. Scanning electron microscopic investigations
of embryonic rat hearts were included in this study.
Material and methods
Tissue preparation. Normal human hearts were ob-
tained from 28 embryos and fetuses at between 5 and 19
weeks of development. The embryos and fetuses were ob-
tained after termination of pregnancies at the Center for
Human Reproduction in Leiden, The Netherlands, and the
Stimezo Clinic in The Hague, The Netherlands. Written
informed consent was obtained for each subject, and the
studies of human material were approved by the medical
ethical committee of the Leiden University. According to the
regulations given by the Leiden University Committee on
Experimental Animals, eight pregnant Wistar rats under-
went hysterectomy with ether anaesthesia and were killed by
cervical dislocation. The rat embryos, ranging from 12 to 18
embryonic days, were used for scanning electron microscopy.
These rat hearts were also used in a previous study of
tricuspid valve development.5
Immunohistochemistry and gross inspection. Twenty-
five human hearts were fixed overnight in a mixture of
methanol, acetone, acetic acid, and water (7:7:7:5 volume
ratios) at room temperature and dehydrated in a graded
series of ethanol. Ten of these hearts were studied under
the dissection microscope. The other 15 hearts were
embedded in paraffin (Merck, Darmstadt, Germany) and
prepared for immunohistochemical examination. These
hearts were cut in sections of 5 mm and mounted on
glycerine-albumin–coated glass slides. After removal of
the paraffin and rehydration of the sections, endogenous
peroxidase was reduced by hydrogen peroxide (0.3%
volume/volume) in phosphate-buffered saline solution
(pH 7.3) for 15 minutes. Mouse monoclonal antibodies
against a- or b-myosin heavy chain6 kindly supplied by
Prof. Dr. A. F. M. Moorman (University of Amsterdam,
The Netherlands) were used to distinguish myocardial
myocytes. Incubations were followed by a peroxidase-
labeled rabbit antibody against mouse immunoglobulin
(DAKO, Glostrup, Denmark), goat antirabbit immuno-
globulin (Nordic, Tilburg, The Netherlands), and a rabbit
peroxidase-antiperoxidase complex (Nordic).7 All anti-
bodies were diluted in phosphate-buffered saline solution
supplemented with ovalbumin (1% weight/volume) and
polysorbate 20 (Tween-20, 0.05%, volume/volume). Be-
tween all incubation steps, the sections were rinsed in
phospate-buffered saline solution. Binding of the antibod-
ies was made visible by 3,39-diaminobenzidine (D8001;
Sigma, Belgium) in 0.05 mol/L Tris maleic acid (pH 7.6).
Three-dimensional reconstruction. By use of a projec-
tion microscope, the contours of the myocardium and
cushion tissue in tissue sections of human hearts between
5 and 16 weeks of development were magnified and drawn
on acetate sheets.8 The sheets were stacked with appro-
priate spacing so that a first three-dimensional impression
of the left atrioventricular junction could be obtained.
Graphic reconstructions9, 10 were made of the human
hearts, and these were compared with the scanning elec-
tron micrographs of the rat and human hearts.
Scanning electron microscopy. Three human hearts at
12, 13, and 14 weeks of development and 25 rat hearts at
between 12 and 17 embryonic days were perfused with 500
IU thromboliquine (Organon Teknika, B.V., Boxtel, The
Netherlands) in 100 ml phosphate-buffered saline solution
(pH 7.3), followed by half-strength Karnovsky’s fixative,11
into the right atrium. The procedure was continued by
immersion fixation in half-strength Karnovsky’s fixative
and gross dissection of the heart under the microscope.
The specimens were then rinsed in 0.1 mol/L sodium
cacodylate buffer (pH 7.2) and postfixed for 1 hour in 1%
osmium tetroxide in the same buffer at room temperature,
followed by dehydration in a graded ethanol series. The
specimens were critical-point dried over carbon dioxide by
conventional methods, sputter-coated with gold for 3
minutes (MED 010; Balzers, Balzers, Liechtenstein), and
studied in the scanning electron microscope (SEM 525;
Philips, Eindhoven, The Netherlands).
Adult human heart. In addition to the embryonic
stages, we studied more than 150 human hearts, neonatal
to adult, in search of variation of normal and abnormal
morphologic characteristics of the mitral valve. These
hearts were used in a previous study of parachute-like
asymmetric mitral valves.1
Results
Horseshoe-shaped muscular ridge in left ventri-
cle: 5 weeks. In the human heart at 5 weeks of
development and in rat hearts at 13 embryonic days,
the left ventricular wall was composed of two layers.
The outer layer of the wall consisted of compact
myocardium, whereas the inner layer contained
many trabeculae (Fig. 1). Scanning electron micros-
copy of rat hearts at 13 embryonic days demon-
strated a prominent muscular ridge that was com-
posed of thick trabeculae, present within the inner
layer (Fig. 1, b). This ridge was connected to the
ventricular wall and ran from posterior in the atrio-
ventricular junction through the apex to the anterior
part of the atrioventricular junction. The ridge itself
contained intertrabecular spaces and thus was not a
compact structure. Of interest, more prominent
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trabeculae that ran from posterior to anterior were
present lateral from and parallel to the main myo-
cardial ridge (Fig. 1, b).
In the atrioventricular region, the posterior part
of the main horseshoe-shaped ridge was covered by
the inferior atrioventricular cushion and the ante-
rior part was covered with the superior cushion.
Also lateral from the main trabecular ridge, the
myocardium of the atrioventricular junction was
covered by cushion tissue.
Formation of aortic leaflet of mitral valve, con-
necting posterior and anterior parts of ridge: 7 to
71⁄2 weeks. A similar horseshoe-shaped trabecular
ridge was observed in reconstructions of a human
heart at 7 weeks of development (Fig. 2, a). In tissue
sections, it was demonstrated that the myocardium
of the posterior and anterior parts of the ridge was
continuous with atrial myocardium in the atrioven-
tricular junction (Fig. 2, b). Fusion of the inferior
and superior atrioventricular cushions was almost
complete, but a fusion line was still visible in the
middle of the cushion tissue between the anterior
and posterior parts of the trabecular ridge (Fig. 2,
a). This atrioventricular cushion tissue, connecting
the anterior and posterior parts of the trabecular
ridge, formed the aortic leaflet of the mitral valve
(the first leaflet of the mitral valve that could be
recognized). Underneath the cushion tissue, which
was present lateral to the main trabecular ridge,
gaps became visible in the myocardium of the
parietal ventricular wall (Fig. 2, b). This process is
called delamination of ventricular myocardium in the
literature.
A few days later in the human heart, at 71⁄2 weeks
of development, the trabecular ridge was still prom-
inent; however, the anterior and posterior parts of
the ridge were relatively long compared with the
distance between these two parts of the ridge (not
shown). The intertrabecular spaces within the ridge
were less obvious at this stage, giving it a more
compact appearance. The aortic leaflet of the mitral
valve, between the anterior and superior parts of the
ridge, was relatively small, but the fusion line be-
tween the former inferior and superior cushions
could no longer be discriminated.
Loosening of ridge from left ventricular wall to
become freely movable papillary muscles: 8 to 10
weeks. In the human heart between 8 and 10 weeks
of development and in the rat heart between 15 and
17 embryonic days, the trabecular ridge remained
recognizable in the left ventricle. However, the
anterior and posterior parts were rather long com-
Fig. 1. a, Tissue section of human heart at 5 weeks of development, stained for b-myosin heavy chain. b,
Scanning electron micrograph of rat heart at 13 embryonic days, demonstrating trabecular ridge (R) in the
left ventricle and some minor ridges at the parietal wall (arrow). In both panels, the compact outer layer
(open circle) and the trabecular inner layer (asterisk) of the ventricular wall are visible. A, Atrium; SC,
superior atrioventricular cushion; IC, inferior atrioventricular cushion.
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pared with the distance between them. In the apex,
the myocardial continuity between the anterior
and superior parts of the ridge was still present,
but this continuity was incorporated more within
the trabecular network and was therefore less
pronounced.
Fig. 2. a, Three-dimensional reconstruction of human heart at 7 weeks of development, showing
horseshoe-shaped muscular ridge. Developing aortic leaflet of mitral valve (AoL) is present between
posterior (P) and anterior (A) parts of the ridge. The fusion line between the two cushions (arrow) is still
visible at this stage. b, Tissue section of same heart as in a, stained for a- and b-myosin heavy chain, in
which continuity of the anterior part of the ridge (A) and the atrial myocardium (LA) is indicated by a thick
arrow. At this stage the first signs of delamination of myocardium are visible (asterisks). c, Tissue section
of human heart at 8 weeks of development. Continuity between myocardium of the atrium, the ventricle,
and the developing papillary muscles (P) is still obvious. Trabeculae (arrows) are present between
delaminated myocardium and left ventricular wall. d, Three-dimensional reconstruction of human heart at
10 weeks of development. Trabecular ridge is now quite recognizable as developing posteromedial (P) and
anterolateral (A) papillary muscles. e, Tissue section of same heart as in d, stained for a- and b-myosin
heavy chain. Developing posteromedial papillary muscle (P) is attached to left ventricular wall only at its
base and to cushion tissue at its tip. The delaminated myocardial layer is disrupted (arrows). Arrowheads
point to small gaps within cushion tissue. M, Mitral valve; T, tricuspid valve.
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At 8 weeks the myocardial ridge was still con-
nected through some trabeculae over its entire
length to the ventricular wall. The connecting tra-
beculae were less obvious in a heart at 9 weeks of
development, and at 10 weeks the trabecular con-
nections between the anterior and posterior parts of
the ridge and the ventricular wall were no longer
visible. The posterior and anterior parts of the ridge
now had the morphologic characteristics of small
posteromedial and anterolateral papillary muscle
respectively; they were freely movable because they
were attached to the ventricular wall only at their
bases (Fig. 2, d and e).
In human hearts at 8 weeks of development, many
muscular connections were visible not only between
the developing papillary muscles but also between
the delaminated ventricular myocardium under-
neath the cushion tissue lateral from the main
myocardial ridge and the parietal part of the ven-
tricular wall (Fig. 2, c). Whether these trabeculae
were also horseshoe-shaped bundles, as in the rat
heart at 13 embryonic days, could not be observed in
the reconstructions. At 9 weeks of development, the
myocardial connections between the delaminated
myocardium and the parietal part of the left
ventricular free wall could still be observed, but
myocardial bundles to the apex were no longer
present. At 10 weeks of development, these con-
nections were observed only in the atrioventricu-
lar region, and they disappeared after that age. As
a result, in the atrioventricular junction the cush-
ion tissue of the developing mural leaflet was
connected only to the atrial and ventricular myo-
cardium, and more apically to the tips of the two
papillary muscles (Fig. 2, e).
The continuity between the myocardium of the
ridge and the atrial myocardium, which was still
present at 8 weeks of development, was disrupted at
10 weeks of development (Fig. 2, e). Only remnants
of the layer of delaminated myocardium underneath
the cushion tissue were visible. From 10 weeks of
development onward, the myocardium of the tra-
becular ridges was thus connected to the myocar-
dium only in the atrioventricular region by the
cushion tissue of the developing aortic and mural
leaflets of the mitral valve.
At 10 weeks of development, within the cushion
tissue of both developing valve leaflets (the aortic
Fig. 3. a, Scanning electron micrograph of human heart at 12 weeks of development, in which continuity
of developing papillary muscles and trabeculae in the ventricle is visible. Cushion tissue of developing
aortic leaflet of mitral valve (AoL) is directly attached to anterolateral (A) and posteromedial (P) papillary
muscles. b, Tissue section of human heart at 121⁄2 weeks of development, stained for actin. The aortic leaflet
of mitral valve (AoL) is directly attached to posteromedial papillary muscle (P); however, developing
interchordal spaces (arrowheads) and chordae (asterisks) are already present.
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and mural leaflets of the mitral valve), small gaps
were visible in the area where the cushion tissue was
connected to the tips of the developing papillary
muscles (Fig. 2, e).
Freely movable papillary muscles, formation of
chordae: 11 to 13 weeks. In scanning electron micro-
graphs of a heart at 12 weeks of development, the two
papillary muscles were quite recognizable in the left
ventricular lumen (Fig. 3, a). Some intertrabecular
spaces remained within the papillary muscles, espe-
cially at their bases, where the continuity with the
ventricular trabecular network was obvious. Two valve
leaflets could be discriminated at this stage that were
directly attached to the papillary muscles. Separate
chordae were not yet visible, but the gaps in the
cushion tissue at the tips of the papillary muscles were
more obvious in tissue sections of hearts of compara-
ble age than in the heart at 10 weeks of development.
The cushion tissue between the gaps was still con-
nected to the papillary muscles and resembled ex-
tremely short chordae (Fig. 3, b).
Complete valves with two papillary muscles, two
leaflets, and chordae: 14 to 19 weeks. At 14 weeks
of development and later, the two papillary muscles
were clearly present. In tissue sections it was obvious
that the chordae were composed of cushion tissue,
and the chordae could be discriminated with both
the scanning electron microscope and the dissection
microscope. Although the valves were only a few
millimeters in size from about 15 weeks of develop-
ment onward, the morphologic characteristics of the
entire mitral valves (fibrous leaflets and chordae and
two papillary muscles), were comparable to those in
the adult heart.
Fig. 4. a, Scanning electron micrograph of human heart at 14 weeks of development. b, Human heart at
15 weeks of development. c, Human heart at 17 weeks of development. d, Human heart at 18 weeks of
development. Panels demonstrate interindividual differences in papillary muscle morphologic character-
istics, such as long papillary muscles (a and b) or muscles with two (c) or more (d) bellies. A, Anterolateral
papillary muscle; AoL, aortic leaflet of mitral valve; ML, mural leaflet; P, posteromedial papillary muscle.
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Interestingly, from 14 weeks of development on-
ward, we observed interindividual differences in
papillary muscle morphologic characteristics. Vari-
ants included relatively long papillary muscles and
papillary muscles with two or more bellies (Fig. 4).
Abnormal variation: Adult mitral valve with three
papillary muscles. We observed one case of special
interest among the newborn and adult heart speci-
mens in which, apart from the anterolateral and
posteromedial papillary muscle, a third papillary
muscle was present (Fig. 5). This additional papil-
lary muscle was attached to the parietal wall in the
left ventricle, at the location where the myocardial
connections between cushion tissue and ventricular
wall normally disappear.
Discussion
In embryonic human and rat hearts, we observed
a myocardial horseshoe-shaped ridge in the left
ventricle. This ridge could be traced in consecutive
stages of development and appeared to transform
into the papillary muscles of the mitral valve (Fig.
6). The transformation implied gradual loosening of
the muscular ridge from the left ventricular wall,
starting in the atrioventricular region. Furthermore,
during growth of the left ventricle, the distance
between the anterior and posterior parts of the ridge
enlarged and the continuity in the apex was incor-
porated in the apical trabecular network, so that two
separate papillary muscles could be discriminated
that were attached only at their bases to the ventric-
ular wall. Simultaneously, the cushion tissue gradu-
ally loosed contact with the myocardium of the
ridge, with the exception of those parts of the
cushion tissue that transformed into the chordae.
Logically, these developing chordae remained at-
tached to the papillary muscles. The process of
papillary muscle development is comparable be-
tween rats and human beings but takes about 17
weeks in the human heart and only about 17 days in
the rat heart. Another difference is that the papillary
muscles of adult rodent hearts are relatively long
and attached at their base and lateral side to the left
ventricular wall.12
Loosening from the left ventricular wall, as we
found for the development of papillary muscles, is a
similar process to that described in the literature for
the valve leaflets and can therefore also be referred
to as delamination.13-15 Our observations confirm
the suggestions that fusion of trabeculae13 plays a
role in the formation of solid papillary muscles.
Condensation of trabeculae16 and loosening of ven-
tricular myocardium17 have also been observed in
chicken hearts. Unfortunately, the cellular mecha-
nisms behind these phenomena are still not under-
stood.
The continuity of the components that contribute
to the mitral valve—cushion tissue, trabeculae, and
ventricular wall—was prominent in the scanning
electron micrographs. This continuity has been de-
scribed previously and was nicely illustrated by
Morse18 in the chick heart. The borderline between
cushion tissue and myocardium, however, can only
be observed in tissue sections. In contradiction to
reports in the literature, in which it has been as-
sumed that the chordae develop from myocardi-
um,13-15, 18-20 we concluded that both the leaflets
and the chordae originate from cushion tissue. Our
conclusion is supported by a study of extracellular
matrix components, in which we found that the
immunohistochemical characteristics of cushions
and chordae are the same.21
In fetal hearts at between 14 and 19 weeks of
development, we observed interindividual differ-
ences in papillary muscle morphologic characteris-
tics, as have been described in normal adult human
hearts by Ranganathan and Silver.22 The origin of
tethered papillary muscles and distinct “bellies” can
Fig. 5. Abnormal adult mitral valve with three papillary
muscles. A, Anterolateral papillary muscle; P, posterome-
dial papillary muscle; P3, third papillary muscle at the
parietal wall; 1, aortic leaflet of mitral valve; 2 and 3, two
leaflets at the parietal wall.
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be understood by realizing that the papillary muscles
are initially attached over their entire length to the
ventricular wall and that they are composed of a
group of condensed trabeculae.
Not only variations in normal development but
also abnormal papillary muscles can be explained by
the process of development. A third papillary mus-
cle at the lateral wall, as we found in an adult heart,
seems to originate during the embryonic period
when the trabeculae at the lateral wall also condense
into a papillary muscle. This situation is normal for
the chicken heart.23
In view of a previous study,1 we were especially
interested in the developmental background of
parachute mitral valves and parachute-like asym-
metric mitral valves. In a series of asymmetric mitral
valves, a spectrum of abnormal morphologic char-
acteristics of one papillary muscle was found.1 The
abnormal papillary muscle was elongated, located
higher in the left ventricle, with its tip reaching to
the anulus, and attached at both its base and lateral
side to the left ventricular wall. Interestingly, the
spectrum of abnormal morphologic characteristics is
also observed in successive stages during normal
development of the papillary muscles. It is therefore
plausible that asymmetry is a persistent embryonic
situation that is caused by a disturbed delamination
of either the anterior or the posterior part of the
trabecular ridge from the ventricular wall (Fig. 7, a
through g).
A true parachute mitral valve, one the other hand,
has only one papillary muscle, which is centrally
located in the left ventricle. This papillary muscle is
not attached at its lateral side to the ventricular
wall.2 In other words, the true parachute valve
seems to have a different origin than that of the
parachute-like asymmetric mitral valve. The term
fused papillary muscles has been used for parachute
mitral valves,24 but we think that this term is con-
fusing in view of the developmental background.
Realizing that the papillary muscles develop from
one continuous trabecular ridge, we assume that
parachute mitral valves are the result of persistence
of this connection during delamination of the tra-
becular ridge from the ventricular wall (Fig. 7, a and
h through k). The description underdeveloped
Fig. 6. Schematic representation of developing papillary muscles of the mitral valve, with its aortic leaflet
between them. Horseshoe-shaped trabecular ridge (stripes) is present; it gradually loosens from the left
ventricular wall. Meanwhile, cushion tissue (dots) transforms into leaflets and chordae. a, 5 weeks of
development; b, 7 weeks; c, 71⁄2 weeks; d, 8 weeks; e, 10 weeks; f, 12 weeks; g, 14 weeks. AoL, Aortic leaflet
of mitral valve; P, posteromedial papillary muscle; A, anterolateral papillary muscle.
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Fig. 7. Hypothetic development of parachute-like asymmetric mitral valves (a through g) and parachute
mitral valves (a and h through k). Asymmetry develops if one of two papillary muscles does not delaminate
from left ventricular wall and its tip remains in the atrioventricular region. When chordae develop only
partially, grade II asymmetry results (d and e). If chordae do not develop at all, valve leaflets remain
directly attached to the papillary muscle, resulting in grade III asymmetry (f and g). In parachute mitral
valve, anterior and posterior parts of horseshoe-shaped muscular ridge do not incorporate on the apical
trabecular network but remain connected to each other and grow out into one single papillary muscle (h
through k). P, Posteromedial papillary muscle; A, anterolateral papillary muscle; P1, single papillary
muscle.
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space25 between the two papillary muscles thus
seems to be in better agreement with the develop-
mental background of parachute mitral valves. Un-
fortunately, parachute mitral valves are rare, and we
have only one specimen in our collection. We were
unable to verify the developmental background by a
spectrum of abnormal papillary muscles, as we were
able to do for the parachute-like asymmetric mitral
valves.1
Not only in asymmetric mitral valves but also in
other malformations, one or two of the papillary
muscles have remained abnormally long and con-
nected to the ventricular wall and valve leaflets.
Examples include outflow tract obstructions caused
by one26 or two27 papillary muscles and a papillary
muscle that reaches to the atrioventricular anulus.15
In all these cases, the papillary muscle morphologic
character can be explained by an incomplete delami-
nation of the trabecular ridge from the left ventric-
ular wall, a disturbed loosening of the cushion
tissue, and underdevelopment of chordae.
Disturbances in papillary muscle formation may
also cause abnormal accessory connections of atrio-
ventricular conduction.28 These connections can be
explained by persistence of the continuity of atrio-
ventricular myocardium with the myocardium of the
papillary muscles. This is a normal situation until 8
weeks of development, but the myocardial connec-
tion normally disappears then, so that only the
cushion tissue of the developing leaflets and chordae
forms a bridge between atrioventricular myocar-
dium and papillary muscles. In fact, the presence of
accessory pathways between atrial and ventricular
myocardium in the atrioventricular junction is a
comparable malformation. These connections per-
sist if the atrial and ventricular myocardium is not
separated by cushion tissue of the atrioventricular
valve anulus.29
Not only is detailed knowledge of normal papil-
lary muscle formation important to understand
when and how various papillary muscle malforma-
tions develop, it is also of relevance in the early
detection of these anomalies. At present such exam-
ination can only be performed in postmortem ma-
terial. In view of improvements being made in the
current technique of fetal echocardiography,30 how-
ever, prenatal evaluation of the papillary muscles
should become possible in the near future.
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